Major changes have occurred in the epidemiology and etiology of infective endocarditis (IE). Nevertheless, the differences between nosocomial infective endocarditis (NIE) and community-acquired infective endocarditis (CIE) have not been addressed in a population-based study. We conducted a retrospective, nationwide, temporal trend study from 1997 to 2014 analyzing the epidemiology, clinical, geographical, meteorological characteristics of patients diagnosed with IE in Spain, to distinguish NIE from CIE. Among 25,952 patients with IE (62.2 ± 18·6 years; 65.9% men), 45.9% had NIE. The incidence of IE increased from 2.83 to 3.73 due to the NIE incidence increment with a decline in CIE. Patients with NIE were older (63.8 years vs. 60.8 years, p < 0·001), presented a higher Charlson index (1.22 vs. 1.03, p < 0.001), a greater history of implanted cardiac devices (8.7% vs. 4.6%, p < 0.001), and higher mortality (31.5% vs. 21.7%, p < 0.001). The most frequent microorganism for both NIE and CIE was Staphylococcus (p < 0.001), and the North reported a higher incidence (p < 0.001). Risk factors of mortality for NIE were age, Charlson index, hemodialysis, shock, heart failure, and stroke. Risk factors for CIE included female sex, renal disease, and cardiac-device carriers. The etiology of IE shifted from community origins to mostly nosocomial-associated infections. Higher morbidity, mortality, and poorer outcomes are associated with NIE.
Introduction
Infective endocarditis (IE) has a low incidence but is associated with a high degree of morbidity and mortality despite adequate antimicrobial management and cardiac surgery. The epidemiology of the disease has changed since William Osler's 1885 study established a standard for clinical and pathophysiological correlation [1, 2] . Today we have a better understanding of IE's epidemiology due to changes in the prevalence of risk factors and better diagnostic tools and treatment [3, 4] .
There has been a reduction in rheumatic heart disease cases due to Streptococcus spp., principally in younger women, and an increase in the incidence of acute staphylococcal endocarditis in older men [2, 5] . Several factors have profoundly impacted the clinical spectrum of IE: hemodialysis, diabetes mellitus, intravenous drug use, human immunodeficiency virus, increased survival of the population at risk for IE, increased incidence of degenerative heart disease, interventional procedures, and increased use of intracardiac devices [6] . The update of the IE guideline published in 2007 and 2008 limited the use of antibiotic prophylaxis, recommending the cessation of antibiotic use in moderate-risk patients [7, 8] . Therefore, it is important to determine the updated guidelines' direct consequences on the overall incidence of IE, which have not yet been described in Spain.
Depending on the mode of acquisition, IE is divided into community-acquired infective endocarditis (CIE) and nosocomial infective endocarditis (NIE), and everything suggests that with the shift in risk factors, the incidence of NIE is increasing. However, studies analyzing the differences between CIE and NIE are infrequent and come from isolated, small-population series and may not reflect real changes because the large population studies advocate IE as a whole. Furthermore, most studies consisted of single-center reports which limit the scope and statistical power needed to draw strong conclusions. The lack of nationwide studies has limited our understanding of trends and differences in IE. Furthermore, little is known about the influence of geographical and meteorological conditions in the incidence of bloodstream infections [9] . Toyoda et al. analyzed the difference between both types of IE [10] ; however, no location differences or mortality predisposing risk factors were addressed. In addition, two isolated regions in the United States were analyzed but did not reflect the nation as a whole, and the environments of those studies differ from the environmental conditions in Europe.
Our study aimed to describe the global trend of IE in Spain, compare the characteristics between NIE and CIE, and determine their mortality associated risk factors.
Materials and Methods

Study Design, Data Source, and Case Identification
A nationwide retrospective study was carried out, including all patients admitted with IE in all hospitals in Spain between 1 January 1997 and 31 December 2014.
The minimum basic data set (MBDS) of the National Hospital Data Surveillance System in Spain, provided by the Ministry of Health of Spain, is one of the databases of hospitalized patients and the most important source of morbidity data, containing approximately 92% of all acute care hospital information in Spain. It provides an encrypted patient identification number, sex, birth date, hospital admission and discharge dates, medical center, diagnosis, and procedure codes according to the International Classification of Diseases 9th Revision, Clinical Modification (ICD-9-CM), and outcomes after discharge. Confidentiality was adequately protected according to the Spanish Data protection law. The Spanish Ministry of Health confirmed that our study fulfilled all ethical considerations according to Spanish legislation. The data collected from the MBDS were encoded to avoid duplication and to dissociate any information that might reveal the identity of the patients.
Patients were included in the study if they had their first episode of IE identified by either a primary or secondary diagnostic ICD-9-CM code 421.0, 421. 1, 421.9, 112.81, 115.04, 115.14, or 115 .94. To identify a cohort of incident cases and prevent double-counting of patients, the index episode (date admission exclusion) for IE from 1997 to 2014 was selected. Hospital admissions without a unique identifier, as well as readmissions, were excluded ( Figure 1 ). (date admission exclusion) for IE from 1997 to 2014 was selected. Hospital admissions without a unique identifier, as well as readmissions, were excluded ( Figure 1 ). 
Study Variables
Demographic data included age, sex, locations, seasons, Charlson index (used to determine overall systemic health [11] ), comorbidities, predisposing factors, acquisition mode of IE, causative microorganism, type of admission, intervention, length of stay, overall and 90-day mortality. The ICD-9 CM codes are listed in Supplement Table 1 .
Definitions
NIE was defined as IE associated with medical interventions performed in hospital within the 8-week period before the onset of the disease, and⁄or IE occurring >48 h after admission, while all other episodes were defined as CIE [12] .
Statistical Analysis
The crude incidence of IE was calculated by dividing the number of patients with the first episodes of IE in each year by Spain census populations in the same year facilitated by the Statistics National Institute reported per 100 ,000 habitants. Multivariable Poisson regression analysis was performed to evaluate temporal trends in the incidence of IE adjusting for age and sex. Trends in the incidence were estimated by the annual percentage change (ACP) with a 95% confidence interval (CI).
For descriptive analysis, continuous variables were reported as means with standard deviations, and categorical variables as percentages per the total number of IE cases. For 90-day mortality, the study cohort from 1 January 1997 through 31 December 2014, was used. Survival curves were drawn using the Kaplan-Meier method and compared using the log-rank test. Variables were included in univariate Cox regression analysis to evaluate the trend in mortality during the study period and risk factors of mortality. Multivariable Cox regression was performed, adjusting for age, sex, baseline comorbidities (i.e., hypertension, diabetes, renal disease, coronary artery disease, peripheral vascular disease, chronic pulmonary obstructive disease, liver disease, history of malignancy, and history of congenital heart disease), disease type, and acquisition mode.
All tests were 2-tailed. Hazard ratio (HR) with 95% CI and p-values were reported. The level of significance was set at p < 0.05. Data were analyzed using IBM SPSS Statistics for Windows version 24·0 software (IBM Corp, Armonk, NY). 
Results
Incidence
Study Variables
Demographic data included age, sex, locations, seasons, Charlson index (used to determine overall systemic health [11] ), comorbidities, predisposing factors, acquisition mode of IE, causative microorganism, type of admission, intervention, length of stay, overall and 90-day mortality. The ICD-9 CM codes are listed in Supplement Table S1 .
Definitions
Statistical Analysis
The crude incidence of IE was calculated by dividing the number of patients with the first episodes of IE in each year by Spain census populations in the same year facilitated by the Statistics National Institute reported per 100,000 habitants. Multivariable Poisson regression analysis was performed to evaluate temporal trends in the incidence of IE adjusting for age and sex. Trends in the incidence were estimated by the annual percentage change (ACP) with a 95% confidence interval (CI).
All tests were 2-tailed. Hazard ratio (HR) with 95% CI and p-values were reported. The level of significance was set at p < 0.05. Data were analyzed using IBM SPSS Statistics for Windows version 24·0 software (IBM Corp, Armonk, NY).
Results
Incidence
A total of 25,952 cases of IE were diagnosed between 1997 and 2014 (mean age, 62.2 ± 18.6 years; 65.9% men). Among them, 11,921 (45.9%) cases were diagnosed as NIE and 14,031 (54.1%) as CIE. The crude incidence increased from 2.83 to 3.73 cases per 100,000 habitants annually (Annual percentage change 2.25; 95% CI, 0.66% to 3.86%; unadjusted Poisson regression, p = 0.724). The country's geography was divided according to climate into North, Center, and South regions. Even though more IE cases were reported primarily in southerly locations, its overall incidence rates were almost doubled in the North compared to other regions (p < 0.001; Figure 2 ; Supplementary Table S2 ). The incidence of IE stratified by age and sex is depicted in Figure 3A , which shows a higher male patient proportion throughout the entire studied period (p < 0.001). Incidence was significantly higher in elderly patients ( Supplementary Table S3 ; Supplementary Figure S1 ). The crude incidence increased from 2.83 to 3.73 cases per 100,000 habitants annually (Annual percentage change 2.25; 95% CI, 0.66% to 3.86%; unadjusted Poisson regression, p = 0.724). The country's geography was divided according to climate into North, Center, and South regions. Even though more IE cases were reported primarily in southerly locations, its overall incidence rates were almost doubled in the North compared to other regions (p < 0.001; Figure 2 ; Supplementary Table 2 ). The incidence of IE stratified by age and sex is depicted in Figure 3A , which shows a higher male patient proportion throughout the entire studied period (p < 0.001). Incidence was significantly higher in elderly patients (Supplementary Table 3 ; Supplementary Figure 1 ). A total of 25,952 cases of IE were diagnosed between 1997 and 2014 (mean age, 62.2 ± 18.6 years; 65.9% men). Among them, 11,921 (45.9%) cases were diagnosed as NIE and 14,031 (54.1%) as CIE. The crude incidence increased from 2.83 to 3.73 cases per 100,000 habitants annually (Annual percentage change 2.25; 95% CI, 0.66% to 3.86%; unadjusted Poisson regression, p = 0.724). The country's geography was divided according to climate into North, Center, and South regions. Even though more IE cases were reported primarily in southerly locations, its overall incidence rates were almost doubled in the North compared to other regions (p < 0.001; Figure 2 ; Supplementary Table 2 ). The incidence of IE stratified by age and sex is depicted in Figure 3A , which shows a higher male patient proportion throughout the entire studied period (p < 0.001). Incidence was significantly higher in elderly patients (Supplementary Table 3 ; Supplementary Figure 1 ). 
Population Description
The epidemiological and clinical patient characteristics are shown in Table 1 . Patients with IE in the latter period of the study were older, more likely to have higher Charlson index, hypertension, heart failure, chronic obstructive pulmonary disease, both moderate and severe diabetes with chronic complications, cancer, and required more hemodialysis compared to patients from earlier periods ( Table 1) .
From 1997 through 2014, the proportion of patients with a history of valve surgery increased from 8.9% to 11.1%, and the proportion of patients with implanted pacemakers or defibrillators certainly doubled from 4.0% to 8.3%. As a result, the proportion of patients with cardiac devicerelated endocarditis significantly increased from 11.2% to 27.4%, whereas the percentage of IE in drug users decreased (Table 1) . 
From 1997 through 2014, the proportion of patients with a history of valve surgery increased from 8.9% to 11.1%, and the proportion of patients with implanted pacemakers or defibrillators certainly doubled from 4.0% to 8.3%. As a result, the proportion of patients with cardiac device-related endocarditis significantly increased from 11.2% to 27.4%, whereas the percentage of IE in drug users decreased (Table 1) . Values are expressed as the absolute number (percentage) or mean (standard deviation). Statistical significance was defined as p < 0.05. Abbreviations: AMI, acute myocardial infarction; CIE, community-acquired infective endocarditis; COPD, chronic obstructive pulmonary disease; HF, heart failure; LOS, length of stay; NIE, nosocomial infective endocarditis.
Evolution and Tendencies of IE
Overall, IE increased between 1997 and 2014, especially among older adults ( Figure 3B ). While the proportion of CIE accounted for more than half of the cases at the beginning of the study period with 59.9% in 1997, it dropped moderately to 48.8% by 2014 (p < 0.001). The percentage of NIE increased significantly from 40.1% in 1997 to 52% in 2014 (p < 0.001; Figure 4 ). The maximum age-adjusted incidence of IE (events per 100,000 habitants) was observed in those older than 80 years, being higher in men for all age groups ( Figure 3B ). The proportion of patients who underwent cardiac surgery during their admission considerably grew in the analyzed period, from 18.7% to 24.6% (p < 0.001).
Regarding microorganisms, the incidence of all pathogens consistently increased over the years. IE was most frequently caused by Gram-positive (2070, 8.0%) followed by the Gram-negative (1443, 5.6%), fungi (159, 0.6%), and anaerobes (21, 0.1%). The incidence of IE caused by Gram-positive microorganisms increased from 5.1% to 8.1% per 100,000 inhabitants during the study period (p < 0.001).
Comparison between NIE and CIE
The clinical characteristics of NIE compared with CIE are summarized in Table 2 . Patients with NIE were older (63.8 vs. 60.8; p < 0.001), presented higher Charlson index (1.22 vs. 1.03; p < 0.001), had a higher incidence of history of implanted cardiac devices (8.7% vs. 4.6%; p < 0.001) or valve replacements (11.3% vs. 8.2%; p < 0.001), and higher 90-day mortality (31.5% vs. 21.7%; p < 0.001). The maximum age-adjusted incidence of IE (events per 100,000 habitants) was observed in those older than 80 years, being higher in men for all age groups ( Figure 3B ). The proportion of patients who underwent cardiac surgery during their admission considerably grew in the analyzed period, from 18.7% to 24.6% (p < 0.001).
The clinical characteristics of NIE compared with CIE are summarized in Table 2 . Patients with NIE were older (63.8 vs. 60.8; p < 0.001), presented higher Charlson index (1.22 vs. 1.03; p < 0.001), had a higher incidence of history of implanted cardiac devices (8.7% vs. 4.6%; p < 0.001) or valve replacements (11.3% vs. 8.2%; p < 0.001), and higher 90-day mortality (31.5% vs. 21.7%; p < 0.001). 
Mortality and Survival
Both overall and 90-day mortality increased from 1997 through 2014 from 22.3% to 29.8% and from 26.2% to 28.4%, respectively (p < 0.001). By age group, the percentage of deaths from IE was 11.1% in patients younger than 19 years, which progressively increased from 11.5% in the 30 to 34-year age group to 21.1% in the 40 to 59-year age group subjects, peaking to 31.3% in those older than 80 years. In terms of gender, mortality was higher in women than in men throughout all periods (30.4% vs. 25.4%; p < 0.001; Table 3 ). Concerning survival rates, compared to male patients, survival appeared to be lower for female patients (Figure 5A) . Similarly, elderly patients presented the lowest survival ( Figure 5B ). Figure 5C displays the survival of patients with IE stratified by pathogens. Mortality was higher for Gram-negative microorganisms (HR, 2.68; 95% CI, 2.49-2.88), and Gram-positive infections (HR, 2.08; 95% CI, 1.94-2.22). Mortality was higher in NIE patients, gradually increasing from 27.4% in 1997 to 35.5% in 2014 (p < 0.001), and was associated with significantly higher mortality and poorer outcomes than CIE (HR, 1.43; 95% CI, 1.36-1.50; p < 0.001; Figure 5D ). Concerning survival rates, compared to male patients, survival appeared to be lower for female patients (Figure 5A) . Similarly, elderly patients presented the lowest survival ( Figure 5B ). Figure 5C displays the survival of patients with IE stratified by pathogens. Mortality was higher for Gramnegative microorganisms (HR, 2.68; 95% CI, 2.49-2.88), and Gram-positive infections (HR, 2.08; 95% CI, 1.94-2.22). Mortality was higher in NIE patients, gradually increasing from 27.4% in 1997 to 35.5% in 2014 (p < 0.001), and was associated with significantly higher mortality and poorer outcomes than CIE (HR, 1.43; 95% CI, 1.36-1.50; p < 0.001; Figure 5D ). Male  17109  10851  4825  1418  561   Female  8843  5408  2577  825  313 Patients admitted from 1997 to 2014 were included in the analysis for outcomes Patients admitted from 1997 to 2014 were included in the analysis for outcomes (c) (d) Figure 5 . Survival of patients with infective endocarditis stratified by gender (a), age groups (b), causative microorganisms (c), and mode of acquisition (d) in Spain.
No. at risk by gender
Risk Factors of Mortality for NIE and CIE
Univariate Cox regression analysis for mortality associated with NIE and CIE is shown in Table 4 . 
Univariate Cox regression analysis for mortality associated with NIE and CIE is shown in Table 4 . Multivariable Cox regression analysis identified age (HR, 1.02; 95% CI, 1.01-1.02), Charlson index (HR, 1.09; 95% CI, 1.07-1.12), hemodialysis (HR, 1.20; 95% CI, 1.08-1.34), shock (HR, 3.19; 95% CI, 2.98-3.42), heart failure (HR, 1.32; 95% CI, 1.23-1.41), and stroke (HR, 1.76; 95% CI, 1.57-1.98) as independent risk factors of mortality for both NIE and CIE. Along with these findings, female sex (HR, 1.11; 95% CI, 1.03-1.20), renal disease (HR, 1.15; 95% CI, 1.01-1.33), and pacemaker or defibrillator carriers (HR, 1.18; 95% CI, 1.01-1.38) were also mortality-associated factors for CIE (Table 5 ). 
Discussion
We noted a constant increase in the incidence of IE in Spain, principally because of a dramatic rise in the proportion of NIE concurrent with a decline in the percentage of CIE. NIE showed higher morbidity than CIE, as elderly patients were the most affected group. The North reported the highest CIE incidence. Cox regression analysis revealed that age, Charlson index, hemodialysis, shock, heart failure, and stroke were independent risk factors of mortality for both NIE and CIE. In addition, the female sex, renal disease, and use of pacemakers or defibrillators were mortality-associated factors of CIE.
Numerous studies have confirmed a rising trend of IE rates over time [13, 14] . Olmos et al. found a significant increase in the incidence of IE in Spain from 2003 to 2014. Similarly, Bor et al. reported the rising number of IE episodes is due to Staphylococcus aureus infections associated with cardiac devices and implants [15] . The growing incidence of NIE could be related to the increase in the prevalence of healthcare-associated interventional procedures in recent years (e.g., hemodialysis, catheterization, intravenous line placement, cardiac implantable electronic devices, prostheses). Furthermore, this probably explains why IE rose in those patients older than 80 years. Another factor explaining the consistently increasing pattern might be the changes in the prevention of IE. The American Heart Association in 2007 revised and changed the consensus for antibiotic prophylaxis, recommending the withdrawal of routine antibiotic prophylaxis for dental procedures in low-risk and moderate-risk patients and most other invasive procedures in all patients [8] . A similar trend occurred in the United Kingdom, where a substantial increase in IE cases was reported after the introduction of these guidelines in 2008 [16] .
We identified 45.9% of all IE to be NIE, which is moderately higher than previous reports, accounting for 10% to 30% of all IE episodes. This finding might be related to the increment of invasive procedures, major incidence of degenerative valve disease in elderly patients, and longer intensive care unit and hospital stays. In our study, 24.5% of patients underwent cardiac surgery during admission, which is similar to what has been reported in population-based studies from Italy and the United States [17, 18] .
In terms of gender, a major predominance of men was observed in comparison with women throughout the study period. Likewise, Toyoda et al. found a similar trend in their investigation conducted in the United States in which patients with IE were more likely to be male throughout the study period [10] . In contrast with Toyoda et al., who described a decline in the cases of nosocomial endocarditis, our findings highlight the paramount importance of NIE, the incidence of which steeply rose despite all the coordinated efforts to reduce hospital-acquired infections through mandatory continuous reporting, regulated interventions, or evidence-based consensus recommendations [19] .
Concerning predisposing factors, a higher Charlson index (reflecting more comorbidities such as diabetes mellitus, hemodialysis, coronary artery disease, peripheral artery disease, cancer, as well as major complications ranging from sepsis, shock, heart failure, and cerebrovascular disease) were present in patients with NIE. This rise in underlying diseases might be related to the aging of the population and explains why those adults with NIE, especially those older than age 80 years, depicted the lowest survival rates.
Regarding the microbiological profile, Gram-positive pathogens are still the most frequent microorganisms associated with IE, as previously reported in other series [3, 5, 13, 15, [20] [21] [22] . These microorganisms often have a healthcare-associated origin, widely recognized as virulent and resistant organisms, and are related to high rates of complications and high mortality rates. Selton-Suty et al. demonstrated Staphylococcus aureus as the only factor associated with a higher risk of in-hospital mortality in healthcare-associated IE [23] . Compared with fungi, anaerobic, and streptococcal infection, mortality was higher for Gram-positive and Gram-negative pathogens, which differs from Toyoda et al.'s findings [10] .
Spain's climate varies across its geography, resulting in three broad regions: the North, where Atlantic weather characterized by a large proportion of humid days and the prevalence of precipitation; the Center, distinguished by a continental plateau with less precipitation; and the South, which is characterized by a Mediterranean climate with almost no precipitation, higher temperatures, and longer, sunny days. The higher IE incidence in the North region may be due to the higher level of humidity experienced there compared to the Center or South regions of Spain. These findings emphasized the importance of the site of acquisition. Indeed, to our knowledge, this is the first study to report a significant difference in IE rates in terms of location. This corresponds with Blanco et al.'s findings, who demonstrated that increasing humidity is associated with greater Staphylococcus aureus colonization [9] . Certainly, Staphylococcus aureus infections are more common in humid weather conditions [24] . Wang et al. reported a similar correlation between humidity and Staphylococcus aureus infections [6] .
As far as mortality is concerned, risk factors for NIE mortality were increased age, higher Charlson index, and associated organ dysfunction, such as stroke, shock, heart failure, and renal replacement therapy. In addition to these risk factors, being female, having renal disease, and carrying a pacemaker or defibrillator were also independent risk factors for CIE mortality. These results are similar to previous studies, which also identified advanced age, female sex, Staphylococcus aureus infection, heart failure, septic shock, alterations in consciousness, delay of appropriate antibiotics, and persistent bacteremia as independent risk factors of in-hospital mortality [5, 14, 21, 25] .
Certainly, NIE and CIE should be considered separately because the outcomes are different [26] . NIE mortality remains considerably high [2, 16] . Despite advances over the last century in diagnosis, medical and surgical treatment, mortality rates have not changed substantially in the previous 40 years [27] . The global and 90-day mortality in our study was 27.2% and 26.2%, respectively, which was slightly higher than that reported in the literature. The current in-hospital mortality rate for patients with IE is 15% to 20%, with one-year mortality approaching 40% [2] . Moreover, NIE carries a higher morbidity and mortality when compared to CIE (33.9% vs. 22.4%, p <·0.001) [12, 28, 29] . NIE is associated with poor outcomes, which aligns with previous studies [20, 21, 30] . Moreover, older adults yielded higher mortality rates. This correlates with Bikdeli et al., who demonstrated that patients older than 85 years had higher rates of hospitalization and mortality compared with those in other age groups [6] . Women depicted lower survival rates compared to men in our study, which aligns with the findings of Giannitsioti et al., who identified that women with Staphylococcus bacteremia experienced increased mortality than male patients [12] . Given the available medical and surgical treatment limitations, it is unlikely that any further improvement in the outcome of IE will occur if no further progress is made in its prevention.
Study Limitations
Even though this study has a national scope with a widely used, well-characterized database, it has some limitations. This is a retrospective study, the accuracy of which relies on adequate hospital coding. Thus, it is prone to a possible underestimation of the real number of cases and misclassification. In addition, our database does not regard antibiotic management of IE. Despite these limitations, this large cohort reflects the changing trends in IE from a national perspective.
Conclusions
The overall incidence of IE in Spain gradually increased during the study period, given the consistently increasing NIE incidence along with a decline in the incidence of CIE. The clinical profile of NIE was different from that of CIE in many respects, including the presence of frailer, older adults with major comorbidities subjected to more invasive procedures. NIE patients were associated with a higher mortality rate and poorer prognosis than CIE patients. The aging population, underlying diseases, and staphylococcal infections may explain the rise of NIE incidence and its mortality pattern.
